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Description 

PHOTOLITHOGRAPHY SYSTEM WITH 
VARIABLE SHUTTER AND METHOD OF 

USING THE SAME 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The invention relates to a photolithography system and a 
method of using the same, and more particularly, to a 
photolithography system that can be applied to a low- 
dose process and a method of using the same. 

[0003] 2. Description of the Prior Art 

[0004] when fabricating semiconductor chips, circuit layout is 
accomplished by hundreds of processes, such as a thin- 
film process, a photolithography process, a doping pro- 
cess, and an etching process. When performing the pho- 
tolithography process, a layer of photoresist is firstly 
coated on the wafer and a circuit layout on a mask is then 
transferred onto the photoresist by light source illumina- 



tion. Material of the photoresist is chemically changed af- 
ter being illuminated and a stripper is used to remove the 
illuminated photoresist or the unexposed photoresist 
from the wafer. The circuit layout corresponding to the 
mask is completed after transferring the pattern. When 
the photoresist is illuminated by a light source, the dose 
of the photoresist is a product of the light intensity and 
the time of exposure. For shortening the exposure time to 
improve throughput, a high power lamp is generally used. 
[0005] please refer to Figs.l and 2, which are schematic diagrams 
of the internal elements of conventional exposure equip- 
ment 10 and the conventional triple-blade shutter 14. The 
exposure equipment 10 includes a lamp 12, a triple-blade 
shutter 14, a plurality of lens 16, a mask 18, a camera 
lens 20, and a plurality of reflective mirrors 24. The 
triple-blade shutter 14 is a rapidly rotating blade struc- 
ture. When performing the exposure process, the lamp 12 
generates light, the triple-blade shutter 14 controls the 
exposure time, the reflective mirrors 24 reflect the light, 
and the circuit pattern on the mask 18 is transferred to 
the wafer 22. When the opening area between blades of 
the triple-blade shutter 14 is rotated so as to align with 
the light-emitting path, the opening area will allow light 



to pass and the exposure time can be adjusted by con- 
trolling the rotating speed of the triple-blade shutter 14. 
[0006] For obtaining a better throughput, a high power lamp 12 
is used to shorten the exposure time in the general fabri- 
cation procedure, and the rotating speed of the triple- 
blade shutter 14 is also relatively accelerated. However, 
this method has some problems while performing a low- 
dose process. The maximum rotating speed of the triple- 
blade shutter 14 is limited, so the requirements of a low- 
dose process cannot be satisfied. The conventional 
method to solve this problem is distancing the lamp 12 or 
placing a filter (not shown) in the light path to reduce the 
light intensity. When performing different processes re- 
quiring different doses, the position of the lamp 12 is re- 
peatedly adjusted or the filter is repeatedly inserted or re- 
moved. This conventional method not only wastes time 
and reduces the throughput but also lowers the accuracy 

and causes pollution. 
Summary of Invention 

[0007] it j S therefore a primary objective of the claimed invention 
to provide a photolithography system with a variable 
shutter and method of using the same to solve the above- 
mentioned problem. 



[0008] The claimed invention discloses a photolithography sys- 
tem used for a semiconductor process. The photolithog- 
raphy system includes a light source, a shutter device 
having a variable opening area, and a lens set. The shutter 
device has a plurality of triple-blade shutters, and the 
shutter device utilizes a step motor to adjust the relative 
positions of the triple-blade shutters to achieve the vari- 
able opening area. The size of the variable opening area is 
decided in accordance with intensity of the light source or 
a dose required in manufacturing process. 

[0009] The claimed invention further discloses a photolithogra- 
phy method used for a semiconductor process. The pho- 
tolithography method includes providing a light source, 
providing a shutter device having a variable opening area, 
adjusting size of the variable opening area, and perform- 
ing a photolithography process with the light source and 
the shutter device. The shutter device has a plurality of 
triple-blade shutters, and the shutter device utilizes a 
step motor to adjust the relative positions of the triple- 
blade shutters to achieve the variable opening area. The 
size of the variable opening area is decided in accordance 
with intensity of the light source or a dose required in 
manufacturing process. 



[0010] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0011] Fig.l is a schematic diagram of the internal elements of 
the exposure equipment according to the prior art. 

[0012] pig. 2 is a schematic diagram of a triple-blade shutter ac- 
cording to the prior art. 

[0013] pig. 3 is a schematic diagram of a shutter device having a 
variable opening area according to a preferred embodi- 
ment of the present invention. 
Detailed Description 

[0014] Ljke t he prior art system 10, the photolithography system 
of the present invention also includes a light source and a 
lens set having various optical elements. However, unlike 
the prior art system 10, the opening area of the present 
invention shutter device is adjustable. The shutter device 
with variable opening area can change size of the opening 
area according to process requirements, so this kind of 
shutter device can be used for both high-dose and low- 



dose processes without repeatedly adjusting position of 
the lamp or replacing the filter. When performing the low- 
dose process, the opening area of the claimed shutter de- 
vice can be adjusted smaller to allow less light to pass, 
and the same rotating speed of the shutter device can ac- 
complish the low-dose process. 
[0015] please refer to Fig. 3, which is a schematic diagram of a 
shutter device 30 having a variable opening area accord- 
ing to a preferred embodiment of the present invention. 
The shutter device 30 includes a plurality of triple-blade 
shutters, which is illustrated with the combination of a 
first triple-blade shutter 32 and a second triple-blade 
shutter 34. The first triple-blade shutter 32 and the sec- 
ond triple-blade shutter 34 are installed on the same ro- 
tational axis, and a step motor (not shown) is utilized to 
adjust the relative positions of the first triple-blade shut- 
ter 32 and the second triple-blade shutter 34, and change 
the rotating speed. When fixing the first triple-blade 
shutter 32 and rotating the second triple-blade shutter 
34, the size of the opening area 36 will be changed with 
the rotating position of the second triple-blade shutter 
34. When the first triple-blade shutter 32 and the second 
triple-blade shutter 34 are overlapped, the size of the 



opening area 36 is at the biggest status, and the size of 
the opening area 36 will gradually decrease with rotation 
of the second triple-blade shutter 34. The smallest status 
of the opening area 36 depends on the shape and size of 
the first triple-blade shutter 32 and the second triple- 
blade shutter 34. The shape and size of the first triple- 
blade shutter 32 and the second triple-blade shutter 34 
can be predetermined according to the requirement to 
have a best efficiency. 
[0016] when the required dose is higher and needs longer expo- 
sure time, the first triple-blade shutter 32 and the second 
triple-blade shutter 34 can be controlled to rotate over- 
lapped. The opening area 36 between the first triple- 
blade shutter 32 and the second triple-blade shutter 34 is 
similar to that of using a single triple-blade shutter and 
has a maximum size. When performing the low-dose pro- 
cess, the relative positions of the first triple-blade shutter 
32 and the second triple-blade shutter 34 can be adjusted 
in advance, and the first triple-blade shutter 32 and the 
second triple-blade shutter 34 are partially overlapped to 
reduce the size of the opening area 36. Then, the first 
triple-blade shutter 32 and the second triple-blade shut- 
ter 34 are rotated with these fixed relative positions in the 



exposure process to lower the dose. Because the first 
triple-blade shutter 32 and the second triple-blade shut- 
ter 34 are driven by the step motor, the relative positions 
of the first triple-blade shutter 32 and the second triple- 
blade shutter 34 can be accurately controlled and size of 
the opening area 36 can be also accurately decided. 
[0017] with the claimed shutter device 30, the exposure process 
no longer needs to adjust position of the lamp 12 or in- 
sert a filter to reduce the light intensity when changing 
processes having different doses. The first triple-blade 
shutter 32 and the second triple-blade shutter 34 are ro- 
tated to the predetermined relative positions in accor- 
dance with the required dose, and the exposure process is 
performed with these relative positions. The throughput 
can be effectively improved, and the process variance 
caused by the lamp decay can be also controlled by ad- 
justing the opening area 36 in accordance with the light 
intensity. 

[0018] For adjusting the relative positions of the first triple-blade 
shutter 32 and the second triple-blade shutter 34, a man- 
ual operation or an automatic operation with program- 
ming control can either or both be used. The photolithog- 
raphy system can detect the light intensity of the lamp 12 



in advance, and compare the value with the dose required 
in the exposure process. With this comparison, the size of 
the opening area 36 can be decided, and the step motor 
(not shown) will drive the first triple-blade shutter 32 and 
the second triple-blade shutter 34 rotating to the corre- 
sponding relative positions. Finally, the first triple-blade 
shutter 32 and the second triple-blade shutter 34 are ro- 
tated synchronously to perform the exposure process. In 
addition, the opening area 36 of the shutter device 30 is 
adjustable and the rotating speed of the shutter device is 
also controllable, so the required setup of the exposure 
process can be easily accomplished by controlling size of 
the opening area 36 and the rotating speed of the shutter 
device 30. Hence, the claimed shutter device 30 can be 
utilized in both low-dose and high-dose processes with- 
out changing the hardware of the photolithography sys- 
tem. 

[0019] The above-mentioned embodiment explains the shutter 
device 30 with the combination of the first triple-blade 
shutter 32 and the second triple-blade shutter 34, but the 
present invention is not limited in this application. The 
present invention can be also achieved by utilizing more 
than two triple-blade shutters to form a shutter device. In 



addition, the shutter is not limited in using triple blade 
structure, and all the structures having an opening area 
between blades can be combined to achieve the present 
invention. 

[0020] | n contrast to the prior art, the present invention using the 
shutter device with variable opening area can be adjusted 
according to the process requirements so that the shutter 
device is suitable for both low-dose and high-dose pro- 
cesses without repeatedly changing position of the lamp 
or replacing the filter. The present invention has the ad- 
vantages of saving time and improving the throughput. In 
addition, the present invention can automatically adjust 
size of the opening area according to the light intensity 
detected, lowering the process variance and improving the 
yield. 

[0021] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method 
may be made while retaining the teachings of the inven- 
tion. Accordingly, the above disclosure should be con- 
strued as limited only by the metes and bounds of the ap- 
pended claims. 



